Phosphate-independent glutaminase from rat kidney. Partial purification and identity with gamma-glutamyltranspeptidase.
Phosphate-independent glutaminase can be quantitatively solubilized from a microsomal preparation of rat kidney by treatment with papain. Subsequent gel filtration and chromatography on quaternary aminoethyl (QAE)-Sephadex and hydroxylapatite yield a 200-fold purified preparation of this glutaminase. The purified enzyme also hydrolyzes gamma-glutamylhydroxamate and exhibits substrate inhibition at high concentrations of either glutamine or gamma-glutamyhydroxamate, which is partially relieved by increasing concentrations of maleate. Rat kidney phosphate-independent glutaminase reaction is catalyzed by the same enzyme which catalyzes the gamma-glutamyltranspeptidase reaction. The ratio of glutaminase to transpeptidase activities remained constant throughout a 200-fold purification of this enzyme. The observation that the phosphate0independent glutaminase and gamma-glutamyltranspeptidase activities exhibit coincident mobilities during electrophoresis, both before and after extensive treatment with neuraminidase, strongly suggests that both reactions are catalyzed by the same enzyme. This conclusion is strengthened by the observation that maleate and various amino acids have reciprocal effects on the two activities. Maleate increases glutaminase activity and blocks transpeptidation, whereas amino acids activate the transpeptidase but inhibit glutaminase activity. In contrast, the addition of both maleate and alanine resulted in a strong inhibition of both activities. Both activities exhibit a similar distribution in the various regions of the kidney. Recovery of maximal activities in the outer stripe region of the medulla is consistent with previous quantitative microanalysis which indicated that this glutaminase activity is localized primarily in the proximal straight tubule cells. The glutaminase and transpeptidase activities have different pH optima. Examination of the product specificity suggests that decreasing pH also promotes glutaminase activity and that below pH 6.0, this enzyme functions strictly as a glutaminase. Because of the localization of this activity on the brush border membrane, these resuts are consistent with the possibility that the physiological conditions induced by metabolic acidosis could convert this enzyme from a broad specificity transpeptidase to a glutaminase. Therefore, this enzyme could contribute to the increased renal synthesis of ammonia from glutamine which is observed during metabolic acidosis.